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XQFHUWDLQWLHV DQG UREXVWQHVV 7KH 5,3 LW KDV DOVR VRPH VLJQLILFDQW UHDOOLIH DSSOLFDWLRQ VXFK DV SRVLWLRQ FRQWURO
URERWLFV>@DQGDHURVSDFHYHKLFOHFRQWURO>@
'LIIHUHQW FRQWURO DOJRULWKPV KDYH EHHQ SURSRVHG IRU VZLQJXS FRQWURO DQG VWDELOL]DWLRQ V\VWHP 6RPH RI WKH
VFLHQWLILFZRUNV WUHDWV VHSDUDWHO\ WKHVH WZR VXESUREOHPV XVLQJ FRQYHQWLRQDO 3,' FRQWUROOHUV UREXVW DQG DGDSWLYH
VWUDWHJLHVRULQWHOOLJHQWV\VWHPV2WKHUDXWKRUVFRPELQHWKHVHFRPSOHWHO\GLIIHUHQWPHWKRGVLQDK\EULGFRQWURO
)RU WKH VZLQJXS FRQWURO RI WKH URWDWLRQDO LQYHUWHG SHQGXOXP LQ >  @ D FRQYHQWLRQDO 3' DOJRULWKP LV
SUHVHQWHGZKLFKLVLPSURYHGWRPLQLPL]HWKHVZLQJXSWLPH,QWKHVHSDSHUVVZLQJXSWLPHLVVLJQLILFDQWO\UHGXFHG
E\DGGLQJDQLPSXOVLYHFRQWURODFWLRQWRWKH3'DOJRULWKP$OVRUREXVWDQGQRQOLQHDUPHWKRGVZHUHXVHGLQ>@
WR VZLQJXS WKH5,3$QRWKHU WHFKQLTXH QDPHO\ HQHUJ\EDVHG FRQWURO >  @ QHJOHFWV WKH UHDFWLRQ WRUTXHV
IURP WKH SHQGXOXP WR WKH DUP0RUHRYHU LQ >@ WKH VWDELOLW\ SURSHUW\ RI WKH HQHUJ\ EDVHG FRQWURO LV DQDO\]HG
,QWHOOLJHQWPHWKRGVXVHGLQ>@KDYHSURYHGWKHDGYDQWDJHVWREULQJWKHSHQGXOXPWRWKHXSULJKWSRVLWLRQ
)RU WKH LQYHUWHG SHQGXOXP VWDELOL]DWLRQ SUREOHP RQH VLPSOLILHG VROXWLRQ LV WR OLQHDUL]H DORQJ WKH GHVLUHG
HTXLOLEULXPSRLQWDQGDSSO\WKHSROHSODFHPHQWWHFKQLTXHRUWKHOLQHDUTXDGUDWLFUHJXODWRU/45>@'XHWR
WKHQDWXUHRIWKHSODQWWKHSUHVHQFHRIXQFHUWDLQWLHVDQGQRQOLQHDULWLHVDEHWWHURSWLRQPD\EHFRQVLGHUHGWKHXVHRI
PRGHUQV\VWHPV6XFKH[DPSOHLVWKHIX]]\FRQWUROOHUGHVLJQHGLQ>@ZKLFKKDVILYHPHPEHUVKLSIXQFWLRQVIRUERWK
LQSXWVZKLFKDUHWKHDQJOHRIWKHSHQGXOXPWRWKHXSULJKWSRVLWLRQDQGDQJXODUYHORFLW\RIWKHSHQGXOXP,Q>@D
QHZYHUVLRQRIIX]]\FRQWUROOHULVSURSRVHGVLPSOHVWUXFWXUHG)/&ZLWKWKHVNHZV\PPHWULFSURSHUW\LQWKHFRQWURO
UXOH WDEOH E\ NHHSLQJ WKH VDPH SHUIRUPDQFHV ,Q >@ HYROXWLRQDU\ DSSURDFKHV IRU GHVLJQLQJ URWDWLRQDO LQYHUWHG
SHQGXOXP FRQWUROOHU DUH SUHVHQWHG LQFOXGLQJ JHQHWLF DOJRULWKPV *$ SDUWLFOH VZDUP RSWLPL]DWLRQ 362 DQG DQW
FRORQ\RSWLPL]DWLRQ$&2PHWKRGV
7KHVZLWFKLQJFRQWUROPHWKRGLVDOVRGLVFXVVHG,Q>@HQHUJ\LVFRQVLGHUHGWKHULJKWFULWHULRQWRVZLWFKRYHU
IURPVZLQJXSPRGHWRVWDELOL]DWLRQPRGH
$QLQWHUHVWLQJLGHDLVGHWDLOHGLQ>@WRVROYHWKHWZRSUREOHPVRIFRQWUROIRUDUHDOLQYHUWHGSHQGXOXPXVLQJD
VLQJOHIX]]\UXOHEDVH7KHDXWKRUVHOLPLQDWHWKHQHFHVVLW\RIXVHRIWZRGLIIHUHQWIX]]\FRQWUROOHUVDQGUHGXFHWKH
QXPEHURIWXQLQJSDUDPHWHUV6RE\FRPELQLQJWKHIXQFWLRQDOVLJQDOVDQGMXVWE\FKDQJLQJWKHJDLQVWKH\DUHDEOHWR
FKDQJHWKHPRGHEHWZHHQVZLQJXSDQGVWDELOL]DWLRQ
7KHREMHFWLYHV IRU WKHSUHVHQWSDSHU DUH WR ILQGDFRUUHFWPRGHO IRU WKH5,3 WRGHVLJQ VLPXODWH DQG VWXG\ WKH
FRQWURORIWKH5,37KHFRQWUROVWUDWHJ\FRQVLVWVLQVZLQJLQJXSWKHLQYHUWHGSHQGXOXPDQGPDNLQJLWVWDEOHLQWKH
XSULJKWSRVLWLRQ)RUWKLV LQILUVWVWDJHWKHVZLQJXSFRQWUROSUREOHPKDVWKHJRDOWREULQJWKHSHQGXOXPIURPWKH
GRZQZDUG SRVLWLRQ WR WKH XSULJKW SRVLWLRQ E\ JLYLQJ D YROWDJH RI DSSURSULDWHPDJQLWXGH DQG GLUHFWLRQ WR WKH GF
PRWRU ZKLFK GULYHV WKHPHFKDQLFDO V\VWHP ,Q WKH VHFRQG VWDJH ZKHQ WKH SHQGXOXP UHDFKHV  IURP WKH ILQDO
YHUWLFDOO\ XSULJKW SRVLWLRQ WKH EDODQFHVWDELOL]LQJ FRQWURO V\VWHP LV LQWURGXFHG $OWKRXJK WKHUH DUH D YDULHW\ RI
VROXWLRQVWKHVHWDVNVPXVWEHGRQHLQDVLPSOLILHGPDQQHUWRSURYLGHDEDVLVIRUIXUWKHUSK\VLFDOLPSOHPHQWDWLRQ
7KHUHPDLQLQJSDUWRIWKHSDSHULVRUJDQL]HGDVIROORZV,QVHFWLRQ,,WKHPDWKHPDWLFDOPRGHORIWKH5,3V\VWHP
DQGLWVRSHQORRSUHVSRQVHVDUHSUHVHQWHG7KHVZLQJXSFRQWURORIWKHURWDWLRQDOLQYHUWHGSHQGXOXPFRQVLVWLQJLQD
FDVFDGHFRQWUROVFKHPHZLWKFRQYHQWLRQDO3'UHJXODWRUV LVGHVFULEHG LQVHFWLRQ,,,7KLVVHFWLRQFRQWDLQVDOVR WKH
EDODQFHVWDELOL]LQJFRQWUROVFKHPHXVLQJIX]]\3'VWUDWHJ\7KHVLPXODWLRQUHVXOWVDUHKLJKOLJKWHGLQWKHVHFWLRQ9
DQGVRPHFRQFOXVLRQVDUHPDGHLQWKHILQDOSDUWRIWKHSDSHU
7KHPRGHORIWKHURWDWLRQDOLQYHUWHGSHQGXOXP
'HVFULSWLRQRIWKHURWDWLRQDOLQYHUWHGSHQGXOXP
7KH URWDWLRQDO LQYHUWHG SHQGXOXP DOVR NQRZQ DV WKH )XUXWD SHQGXOXP FRQVLVWV RI D URWDWLRQDO VHUYR PRWRU
V\VWHPZKLFKGULYHVDQLQGHSHQGHQWRXWSXWJHDU$URWDWLRQDOSHQGXOXPDUPVHH)LJDRIUDGLXVUDQGPDVVPU
LVPRXQWHGWRWKHRXWSXWJHDUDQGDSHQGXOXPRIOHQJWKODQGPDVVPLVDWWDFKHGWRWKHKLQJHSRLQW37KHSLYRW
DUP URWDWHV LQ D KRUL]RQWDO SODQH ;< E\PHDQV RI  D VHUYR PRWRU DQG PXVW EH PRYHG LQ VXFK D ZD\ WKDW WKH
SHQGXOXPZKLFKURWDWHVLQDSODQH;=WKDWLVDOZD\VSHUSHQGLFXODUWRWKHURWDWLQJDUPLVLQWKHXSULJKWSRVLWLRQ
,QWKHVLPSOLILHGVFKHPDWLFSLFWXUHIURP)LJDWKHLQYHUWHGSHQGXOXPLVGLVSODFHGIURPWKHXSULJKWSRVLWLRQ
ZLWK D JLYHQĮș GHQRWHV WKH DQJOH RI WKH SLYRW DUPĮ GRW DQGș GRW DUH WKH DQJXODU YHORFLWLHV RI WKH LQYHUWHG
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SHQGXOXP DQG SLYRW DUP 7KH SDUDPHWHUV Į DQG ș DUH WKH JHQHUDOL]HG FRRUGLQDWHV WKDW GHVFULEH WKH LQYHUWHG
SHQGXOXPV\VWHP
7KH )LJ E SUHVHQWV WKH SK\VLFDO URWDWLRQDO LQYHUWHG SHQGXOXP V\VWHP UHDOL]HG IURP DOXPLQXP O 
U P PU 
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)LJD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7KH5,3SK\VLFDOV\VWHP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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'\QDPLFPRGHORIWKH5,3
7KHG\QDPLFPRGHORIWKHLQYHUWHGSHQGXOXPUHVXOWVIURPWKHGHFRPSRVLWLRQRIWKHSODQWLQWRWZRSODQHV;<
KRUL]RQWDOSODQHRIWKHSLYRWDUPDQG;=YHUWLFDOSODQHZKHUHWKHSHQGXOXPLVURWDWLQJ)URPWKH1HZWRQ¶VODZVLQ
WKH;DQG=GLUHFWLRQVDQG(XOHU¶VHTXDWLRQVRIWKHURWDWLRQDOPRWLRQDURXQGWKHSRLQWV*DQG3UHVXOWVWKHHTXDWLRQV
RIPRWLRQRIWKHPHFKDQLFDOV\VWHP>@7KHVHHTXDWLRQVZKLFKGHVFULEHWKHG\QDPLFVRIWKHPRGHODUHTXLWHQRQ
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,Q WKH G\QDPLF PRGHO  VWDQGDUG DVVXPSWLRQV VXFK DV ]HUR IULFWLRQ ULJLG REMHFWV ZHUH XVHG DQG DOVR WKH
YHORFLW\RISRLQW*FHQWHURIJUDYLW\RQWKHSHQGXOXPUHODWLYHWRWKDWRISRLQW3DQGWKHDEVROXWHYHORFLW\RIWKH
SRLQW*RQWKHSHQGXOXPKDYHEHHQGHVFULEHG,QWKH)[)]0*02-*DQG-2DUHWKHIRUFHVWRUTXHVDQGWKH
PRPHQWV RI LQHUWLD -HT DQG %HT DUH WKH HTXLYDOHQW LQHUWLD DQG YLVFRXV IULFWLRQ RI WKH DUP DQG SHQGXOXP
NJPJLVWKHJUDYLWDWLRQDODFFHOHUDWLRQDQG7LVWKHLQSXWWRUTXH
7KHNLQHWLFHQHUJ\RIWKHPHFKDQLFDOV\VWHPDULVHVIURPWKHURWDWLQJDUP7KHURWDWLQJDUPLVGULYHQE\WKHGF
PRWRU DQG WKH LQSXW WRUTXH FDQ EH GHGXFHG IURP WKH HTXLYDOHQW PRGHO RI D GF PRWRU 7KH HOHFWURPHFKDQLFDO
SDUDPHWHUVVSHFLILFWRWKHGFPRWRUDUH5PPRWRUUHVLVWDQFHȍ/PPRWRULQGXFWDQFHQHJOLJLEOH.W.PPRWRU
WRUTXH DQG HOHFWURPRWLYH FRQVWDQWV 1P$PS 9UDGVHF -P PRPHQW RI LQHUWLD RI WKH PRWRU H
NJPXPYROWDJHDSSOLHGWRWKHGFPRWRU
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/LQHDUL]HGPRGHORIWKHURWDWLRQDOLQYHUWHGSHQGXOXP
$OLQHDUDSSUR[LPDWLRQRIWKHQRQOLQHDUV\VWHPHTXDWLRQVDQGLVREWDLQHGLQWKHPRGHOXVLQJWKHVPDOO
DQJOHIRUPXOD
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7KH WUDQVIHU IXQFWLRQRI WKH SODQW UHODWHV WKH YDULDWLRQ IURP WKH GHVLUHGSRVLWLRQRI WKH SHQGXOXP WR WKH LQSXW
YROWDJHRIWKHPRWRULQLWLDOFRQGLWLRQVDUH]HUR6LQFHWKHLQWHUHVWHGRXWSXWIURPWKHSODQWLVWKHSHQGXOXPDQJOHĮ
WKH SLYRW DUPSRVLWLRQșZDV ILUVW HOLPLQDWHG IURP WKH OLQHDUL]HG V\VWHP  DQG WKHQ WKH/DSODFH WUDQVIRUPZDV
DSSOLHG,QWKHWUDQVIHUIXQFWLRQDSROHDQGD]HURDWWKHRULJLQKDYHEHHQFDQFHOOHG
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2SHQORRSUHVSRQVH
7KH QRQOLQHDU DQG WKH OLQLDUL]HG PRGHOV ZHUH LPSOHPHQWHG LQ WKH PRGHOLQJ DQG VLPXODWLRQ HQYLURQPHQW
0DWODE6LPXOLQNDQGWKHFRPSDUDWLYHRSHQORRSUHVSRQVHVRIERWKV\VWHPVDUHSUHVHQWHGLQ)LJ7KHSHQGXOXPLV
LQLWLDOO\VLWXDWHGLQWKHXSULJKWSRVLWLRQZLWKDYHU\VPDOOGLVSODFHPHQWUDGDQGWKXVLVDOORZHGWRIDOO$OO
WKLV WLPH WKH PRWRU LV QRW VXSSOLHG 7KH VLPXODWLRQ UHVXOWV KLJKOLJKW WKDW WKH OLQHDU PRGHO FRUUHFWO\ GHSLFWV WKH
PRWLRQRI WKHSHQGXOXPIRU WKH ILUVW VHFRQGVXQWLO LW UHDFKHGGHJUHHVDQG WKHQEHJDQ WRGLYHUJH IURP WKH
DFWXDOPRWLRQ7KHV\VWHPLVDOVRXQVWDEOHDQGQRQOLQHDU

D E
)LJD7KHDQJOHRIWKHSLYRWDUPE7KHDQJOHRIWKHLQYHUWHGSHQGXOXP
6ZLQJXSFRQWURODQGEDODQFHFRQWURORIWKHLQYHUWHGSHQGXOXP
$VVWDWHG LQ WKH LQWURGXFWLRQRI WKHSDSHU WKHREMHFWLYHRI WKHJOREDOFRQWUROSUREOHPLV WREULQJ WKHSHQGXOXP
IURP WKHVWDEOHGRZQZDUGSRVLWLRQ LQ WKHXQVWDEOHXSULJKWSRVLWLRQDQGEDODQFH LW WKHUH7KHVH WDVNVFDQEHGRQH
ZLWKD VLQJOHFRQWUROOHURUE\PXOWLSOH V\VWHPV)URP WKLVSRLQWRIYLHZ WKHRYHUDOOSUREOHP LVGLYLGHG LQWR WZR
FRQWURO VXESUREOHPV VZLQJXS FRQWURO DQGEDODQFHVWDELOL]LQJ FRQWURO2I FRXUVH DQRWKHU LPSRUWDQW VXEMHFW LV WR
ILQGWKHULJKWVZLWFKLQJFULWHULRQEHWZHHQWKHVHWZRFRQWUROVWUDWHJLHV
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0RVW RI WKH VFLHQWLILF ZRUNV PHQWLRQ WKDW VZLWFKLQJ SURFHVV LV GRQH E\ D WKLUG FRQWUROOHU QDPHG
VZLWFKLQJFDWFKLQJFRQWUROOHU7KHZKROHFRQWUROSURFHVVLVPRUHUREXVWLQFDVHRIDQ\GLVWXUEDQFHLVDSSOLHGWRWKH
SHQGXOXP LI WKH FDWFKLQJ FRQWUROOHU FDQ VZLWFK SURSHUO\ EHWZHHQ WKH VZLQJ XS FRQWURO DQG WKH EDODQFH FRQWURO
6RPHDXWKRUVLQ>@LPSOHPHQWDQHQHUJ\±EDVHGPRGHVZLWFKLQJFRQWUROWRDFKLHYHDPXFKEHWWHUSHUIRUPDQFH
E\PHDVXULQJWKHSHQGXOXPDQJOHDQGE\FRPSDULQJWKHHQHUJ\RIWKHV\VWHPZLWKDWKUHVKROG(2WKHUVDXWKRUV
>@XVHDG\QDPLFSURJUDPPLQJDQGUHLQIRUFHPHQW OHDUQLQJFRQWURO%XW WKHG\QDPLFSURJUDPPLQJPD\UHTXLUH
LPSUDFWLFDODPRXQWRIFRPSXWDWLRQHIIRUW
,QWKLVSDSHUWKHWHUPVZLWFKLQJFDWFKLQJFRQWUROOHULWLVUHSODFHGZLWKWKHWHUPVZLWFKLQJFULWHULRQEHFDXVHLWLV
PRUHDSSURSULDWH7KHH[SHULPHQWVDQGVLPXODWLRQVVKRZQWKDW5,3V\VWHPLVTXLWHUREXVWDQGWKHSHUIRUPDQFHVDUH
NHSW DOVR LI WKH VZLWFK PRGH LW LV EDVHG RQ IL[LQJ D VLPSOH WKUHVKROG RI  IRU WKH SHQGXOXP DQJOH Į ,I WKLV
FRQGLWLRQLVVDWLVILHGEDODQFHFRQWUROZLOOEHVHOHFWHGE\WKHVZLWFKLQJFULWHULRQRWKHUZLVHWKHFRQWUROOHUZLOOVWD\LQ
WKHVZLQJXSPRGH:KHQWKH5,3V\VWHPLVGLVWXUEHGIURPWKHEDODQFHVWDWHDQGWKHSHQGXOXPLVGHYLDWHGIURPWKH
XSULJKWSRVLWLRQWRFHUWDLQGHJUHHVODUJHUWKDQWKHWKUHVKROGYDOXHWKHFULWHULRQVKRXOGVZLWFKEDFNWKHV\VWHPWRWKH
VZLQJXSFRQWURO
6ZLQJXSFRQWUROXVLQJFRQYHQWLRQDO3'FRQWUROOHUV
6ZLQJXSFRQWUROOHUZLOOGULYHWKHSRVLWLRQRIWKHDUPLQRUGHUWRJHWDZD\IURPWKHVWDEOHGRZQZDUGSRVLWLRQRI
WKH SHQGXOXP ,W PDNHV VHQVH WKDW E\ VXSSO\LQJ WKH GFPRWRU DQG E\PRYLQJ WKH DUP EDFN DQG IRUWK VWURQJO\
HQRXJK WKH HQHUJ\ LV JUDGXDOO\ DGGHG WR WKH 5,3 V\VWHP VR WKH SHQGXOXP LW FDQ EH VZLQJXS WR WKH XQVWDEOH
SRVLWLRQ
0DQ\GLIIHUHQWFRQWURODOJRULWKPVWUDMHFWRU\WUDFNLQJHQHUJ\EDVHGPHWKRGUHFWDQJXODUUHIHUHQFHLQSXWVZLQJ
XSW\SHDGDSWLYHRU LQWHOOLJHQWVWUDWHJLHVFDQEHXVHGWRSHUIRUPWKHVZLQJXSFRQWURO+HUHDSRVLWLYHIHHGEDFN
3,'FRQWUROOHULVSURSRVHGEHFDXVHRILWVVLPSOHVWUXFWXUHHIIHFWLYHQHVVDQGHDV\WXQLQJ7KHEORFNFRQWUROGLDJUDP
FRQVLVWVRIWZRORRSVDVVKRZQLQ)LJ7KHLQQHUORRSSHUIRUPVWKHSRVLWLRQFRQWURORIWKHDUPZKLOHWKHRXWHU
ORRSVSHFLILHVWKHGHVLUHGWUDMHFWRU\IRUWKHDUPDQJOHWRVZLQJWKHSHQGXOXPWRWKHEDODQFLQJSRVLWLRQ

)LJ6LPXOLQNEORFNGLDJUDPRIWKH5,3VZLQJXSFRQWURO
)RUWKHVHUYRDUPWRWUDFNWKHGHVLUHGSRVLWLRQDQHJDWLYHIHHGEDFN3'FRQWUROODZLVGHVLJQHG
GW
GNNWX GSP TTTT
HH     
7KHSRVLWLRQ3'FRQWUROOHURIIHUVWKHYROWDJHDSSOLHGWRWKHPRWRUVRWKDWDQJOHRIWKHDUPș WUDFNVWKHGHVLUHG
SRVLWLRQșG7KH WXQLQJSDUDPHWHUVRI WKHFRQYHQWLRQDO3'FRQWUROOHUNSșDQGNGșKDYHEHHQVHW WRDQG WR
DFKLHYHWKHGHVLUHGSHUIRUPDQFHVIRUWKHLQQHUFORVHGORRS
,Q WKH RXWHU ORRS IRU VZLQJXS WKH SHQGXOXP D SRVLWLYH IHHGEDFN 3' FRQWURO ORRSZDV FKRVHQ 7KLV SRVLWLYH
IHHGEDFN ORRS LQFUHDVHV WKHHQHUJ\SURYLGHG WR WKHSHQGXOXPDQGDFWXDOO\KDVD UROHRIGHVWDELOL]LQJ WKH V\VWHP
EHFDXVHWKHGRZQZDUGSRVLWLRQRIWKHSHQGXOXPLVVWDEOH7KHYDOXHVRIWKHWXQLQJ3'SDUDPHWHUVNSĮDQGNGĮSOD\D
NH\UROHLQEULQJLQJXSWKHSHQGXOXPVPRRWKO\7KHVHSDUDPHWHUVWKHSURSRUWLRQDODQGGHULYDWLYHFRQVWDQWVFDQEH
WXQHGWRDGMXVWWKH³SRVLWLYHGDPSLQJ´LQWKHV\VWHP0RUHRYHUWKHFRPPDQGSURYLGHGE\WKHVZLQJXSFRQWUROOHU
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GHVLUHGDQJOHRIWKHSLYRWDUPPXVWEHOLPLWHGLQDUDQJHRIWRHQVXUHWKDWWKHDUPGRHVQRWUHDFKDSRVLWLRQ
WKDWZLOOFDXVHDFROOLVLRQZLWKRWKHUKDUGZDUH
7KHVZLQJXS3'FRQWUROODZKDVWKHIRUP
GW
GNNW GSG DDDD
HHT     
7KHYDOXHVFKRVHQIRU WKHSURSRUWLRQDODQGGHULYDWLYHFRQVWDQWVDUHDQG)RUGHULYDWLYHFRQVWDQWNGĮD
FRPSURPLVHVKRXOGEHPDGHEHWZHHQLQFUHDVLQJWKHUHDFWLRQWLPHDQGGHFUHDVLQJWKHQRLVHDPSOLILFDWLRQ>@
%DODQFHVWDELOL]LQJFRQWUROXVLQJIX]]\3'FRQWUROOHU
7KHJRDORIWKHVWDELOL]LQJFRQWUROOHULVWRPDLQWDLQWKHSHQGXOXPLQWKHXSULJKWSRVLWLRQZKHQLWLVDOPRVWWKHUH
,QWKLVFDVHDOVRDORWRIDOJRULWKPVFDQEHXVHGVWDWHIHHGEDFNOLQHDUTXDGUDWLFEDVHGRQWKHOLQHDUL]HGSODQWPRGHO
SROH SODFHPHQW 'XH WKH QDWXUH RI WKH 5,3 ZKLFK LQFOXGHV WKH XQVWDEOH XSULJKW SRVLWLRQ QRQOLQHDULWLHV DQG
PRGHOLQJXQFHUWDLQWLHVDIX]]\3'FRQWUROOHUZDVFKRVHQIRUWKHVWDELOL]DWLRQSUREOHP
7KHEORFNGLDJUDPRIWKHVZLQJXSFRQWUROLVSUHVHQWHGLQ)LJ


)LJ6LPXOLQNEORFNGLDJUDPRIWKH5,3EDODQFHVWDELOL]LQJFRQWURO
7KHGHVLJQRIWKHIX]]\FRQWUROOHUIRUWKHVWDELOL]DWLRQSUREOHPFDQEHUHVXPHGWRFKRRVLQJDQGSURFHVVLQJWKH
LQSXWVDQGRXWSXWVRIWKHFRQWUROOHUDQGGHVLJQLQJLWVIRXUFRPSRQHQWHOHPHQWVWKHUXOHEDVHWKHLQIHUHQFHHQJLQH
WKHIX]]LILFDWLRQDQGWKHGHIX]]LILFDWLRQLQWHUIDFHV>@
7KH LQSXWV WR WKH IX]]\ V\VWHP DUH DQJOH HUURU İĮ LI WKH UHIHUHQFH LV WKH XSULJKW SRVLWLRQ WKHQ WKH DQJOH HUURU
EHFRPHV WKH GLVSODFHG IURP WKH XSULJKW SRVLWLRQ DQG WKH FKDQJH LQ DQJOH HUURU FİĮ 7KH RXWSXW IURP WKH IX]]\
V\VWHPLVWKHYROWDJHXP7KHXQLYHUVHRIGLVFRXUVHRIWKHYDULDEOHVZDVQRUPDOL]HGWRFRYHUDUDQJHRI>@DQG
VFDOLQJJDLQVJHJFJXZHUHXVHGWRQRUPDOL]H7RVLPSOLI\WKHIXWXUHLPSOHPHQWDWLRQRIWKHFRQWUROOHUDVWDQGDUG
FKRLFH IRU WKH PHPEHUVKLS IXQFWLRQV ZDV XVHG ZLWK ILYH PHPEHUVKLS IXQFWLRQV IRU WKH WKUHH IX]]\ YDULDEOHV
PHDQLQJ UXOHVLQWKHUXOHEDVHDQGV\PPHWULFRYHUODSSLQJWULDQJXODUVKDSHGPHPEHUVKLSIXQFWLRQV
)LJEPHDQLQJWKDWRQO\UXOHVDWPRVWFDQEHDFWLYHDWDQ\JLYHQWLPH
7KH IX]]\ FRQWUROOHU LPSOHPHQWV D UXOH EDVH PDGH RI D VHW RI ,)7+(1 W\SH RI UXOHV 7KHVH UXOHV ZHUH
GHWHUPLQHGKHXULVWLFDOO\EDVHGRQWKHNQRZOHGJHRIWKHSODQW7KHUHVXOWLQJUXOHWDEOHLVVKRZQLQ)LJD
7KHPLQPD[ LQIHUHQFH HQJLQHZDV FKRVHQ ZKLFK IRU WKH SUHPLVHV XVHVPD[LPXP IRU WKH25 RSHUDWRU DQG
PLQLPXPIRUWKH$1'RSHUDWRU7KHFRQFOXVLRQRIHDFKUXOHLQWURGXFHGE\7+(1LVDOVRGRQHE\PLQLPXP7KH
ILQDOFRQFOXVLRQIRUWKHDFWLYHUXOHVLVREWDLQHGE\WKHPD[LPXPRIWKHFRQVLGHUHGIX]]\VHWV
7RREWDLQ WKHFULVSRXWSXW WKHFHQWUHRIJUDYLW\ &2*GHIX]]LILFDWLRQPHWKRG LVXVHG7KLVFULVSYDOXH LV WKH
UHVXOWLQJFRQWUROOHURXWSXW

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E
)LJD)X]]\FRQWUROOHUUXOHWDEOHE)X]]\VHWVIRUWKHYDULDEOHV
6LPXODWLRQUHVXOWV
7R VWXG\ WKH VLPXODWLRQ RI WKH URWDWLRQDO LQYHUWHG SHQGXOXP FRQWURO WKH V\VWHPV ZHUH PRGHOHG LQ 0DWODE
6LPXOLQNDQGWKHUHVXOWVDUHVKRZQLQ)LJ
)LUVWGLDJUDPWHVWHGZDVWKHLQQHUORRSIURPWKHVZLQJXSFRQWUROSLYRWSRVLWLRQFRQWUROOHUDQGWKHUHVSRQVHVRI
WKHFORVHGORRSV\VWHPWRWKHVWHSUHIHUHQFHDUHSUHVHQWHGLQ)LJD,WFDQEHVHHQWKDWWKHUHVSRQVHKDVD
RYHUVKRRWDQGWKHILUVWSHDNLVDWVHFRQG6RWKHSRVLWLRQFRQWUROOHUPHHWVWKHUHTXLUHGVSHFLILFDWLRQV
)LJ E VKRZVDOVR WKDW WKH VZLQJXS FRQWURO V\VWHPDFKLHYHV LWVJRDO DQG WKHSHQGXOXP LVEURXJKWXS WKH
FXUYHRI WKHDQJOHSDVVHV  OLQH LQ DERXW VHFRQGV$V VWDWHGEHIRUH WKH VZLQJXS WLPHFDQEH UHGXFHGE\
DGGLQJDQLPSXOVLYHFRQWUROZKLFKZLOOLQFUHDVHWKHHQHUJ\LQWKHV\VWHP
 
 
 
)LJD6LJQDOVIURPWKHDUPSRVLWLRQFRQWUROE6LJQDOVIURPWKHVZLQJXSFRQWUROF6LJQDOVIURPWKHEDODQFHVWDELOL]LQJFRQWURO
 HN7FN7 1% 16 = 36 3%
 1% 3% 3% 3% 36 =
 16 3% 3% 36 = 16
 = 3% 36 = 16 1%
 36 36 = 16 1% 1%
D 3% = 16 1% 1% 1%
1%16=363%


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$IWHU WKLV SURFHVV WKH 5,3 FRQWURO LV WDNHQ E\ WKH EDODQFHVWDELOL]DWLRQ IX]]\ V\VWHP 7R VWXG\ WKH
EDODQFHVWDELOL]DWLRQIX]]\FRQWUROOHUDQLPSXOVHGLVWXUEDQFHZLWKDPSOLWXGHRIGHJUHHVDQGSHULRGRIVHFRQGV
LVDGGHGWRWKHPHDVXUHGĮ)LJFKLJKOLJKWVWKDWWKHEDODQFHFRQWUROOHULVJRRGHQRXJKWRPDLQWDLQWKHSHQGXOXP
LQWKHXSULJKWSRVLWLRQDQGNHHSLWWKHUHVWDEO\
&RQFOXVLRQV
,Q WKLVSDSHU WKH URWDWLRQDO LQYHUWHGSHQGXOXP5,3 FRQWURO KDVEHHQ VWXGLHG7KH5,3 FRQWURO SUREOHPFDQEH
GLYLGHGLQVHYHUDOWDVNV)LUVWWKHSHQGXOXPPXVWEHEURXJKWXSIURPLWVVWDEOHSRVLWLRQQDPHGGRZQZDUGSRVLWLRQ
7KLV ZDV GRQH XVLQJ D FDVFDGH FRQWURO VFKHPHZLWK WZR FRQYHQWLRQDO 3' FRQWUROOHUV 7KH LQQHU ORRS KDV D 3'
SRVLWLRQFRQWUROOHURIWKHSLYRWDUPZKLOHRQWKHRXWHUORRSLVWKHVZLQJXSFRQWUROOHU6RWKHWDVNLVDFKLHYHGLQ
DERXW  VHFRQGV )URP WKLV SRLQW WKH EDODQFHVWDELOL]LQJ FRQWURO LVPDGH E\ WKH IX]]\3' V\VWHP7KHPRGHUQ
V\VWHP ZDV LPSOHPHQWHG NQRZLQJ WKH SDUWLFXODU QDWXUH RI WKH 5,3 V\VWHP FRQVLVWV LQ QRQOLQHDULWLHV PRGHOLQJ
XQFHUWDLQWLHV DQG LQVWDELOLW\ DQG LQYHVWLJDWHG HYHQ LQ WKH SUHVHQFH RI VPDOO LPSXOVH SHUWXUEDWLRQV 7R PDNH WKH
ZKROHFRQWUROSURFHVVJOREDOO\VWDEOHDVLPSOHVZLWFKLQJFULWHULRQEDVHGRQDWKUHVKROGIRUWKHSHQGXOXPDQJOHZDV
DOVRDWWHPSWHG7KHFRQWUROVWUDWHJLHVH[SHULHQFHGLQWKLVSDSHUFDQDOVREHDSSOLHGWRRWKHUFRPSOH[V\VWHPV
5HIHUHQFHV
>@ 2UWHJD56SRQJ0:*RPH](VWHUQ)%ODQNHQVWHLQ*6WDELOL]DWLRQRIDFODVVRIXQGHUDFWXDWHGPHFKDQLFDOV\VWHPVYLDLQWHUFRQQHFWLRQ
DQGGDPSLQJDVVLJQPHQW,(((7UDQVDFWLRQVRQ$XWRPDWLF&RQWURO
>@ 6SRQJ0:%ORFN'-7KH3HQGXERWDPHFKDWURQLFV\VWHPIRUFRQWUROUHVHDUFKDQGHGXFDWLRQ3URFHHGLQJVRIWKHWK,(((&RQIHUHQFH
RQ'HFLVLRQDQG&RQWURO1HZ2UOHDQV/$
>@ 0HL++H=6WXG\RQVWDELOLW\FRQWUROIRUVLQJOHOLQNURWDU\LQYHUWHGSHQGXOXP,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLF$XWRPDWLRQDQG
&RQWURO(QJLQHHULQJ0$&(:XKDQ
>@ *UDVVHU)'¶$UULJR$&RORPEL65XIHU$&-2($PRELOHLQYHUWHGSHQGXOXP,(((7UDQVDFWLRQVRQ,QGXVWULDO(OHFWURQLFV

>@ 3KXRQJ17/RF+'7KXDQ74&RQWURORIWZRZKHHOHGLQYHUWHGSHQGXOXPXVLQJVLOGLQJPRGHWHFKQLTXH,QWHUQDWLRQDO-RXUQDORI
(QJLQHHULQJ5HVHDUFKDQG$SSOLFDWLRQV
>@ 3DUN0.LP<-/HH--6ZLQJXSDQG/45VWDELOL]DWLRQRIDURWDU\LQYHUWHGSHQGXOXP$UWLILFLDO/LIHDQG5RERWLFV
>@ :DQJ=&KHQ<4)DQJ10LQLPXPWLPHVZLQJXSRIDURWDU\LQYHUWHGSHQGXOXPE\LWHUDWLYHLPSXOVLYHFRQWURO3URFHHGLQJRIWKH
$PHULFDQ&RQWURO&RQIHUHQFH%RVWRQ0$
>@ 0HOED0DU\30DULPXWKX160LQLPXPWLPHVZLQJXSDQGVWDELOL]DWLRQRIURWDU\LQYHUWHGSHQGXOXPXVLQJSXOVHVWHSFRQWURO,UDQLDQ
-RXUQDORI)X]]\6\VWHPV
>@ <DPDNLWD0HWDO5REXVWVZLQJXSFRQWURORIGRXEOHSHQGXOXP3URFRIWKH$PHULFDQ&RQWURO&RQIHUHQFH6HDWWOH:$
>@7RUUHV3RPDOHV:*RQ]DOH]251RQOLQHDUFRQWURORIVZLQJXSLQYHUWHGSHQGXOXP3URFHHGLQJVRIWKH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ
FRQWURODSSOLFDWLRQ'HDUERUQ0,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